. FAT1 is also upregulated in low-oxygen (hypoxic) conditions 9 . The stressful cellular environment that results from hypoxia often occurs in solid tumours, and perhaps FAT1 upregulation allows tumour cells to survive in such conditions. As is so often the case in biology, the determination of a protein's action requires observations to be placed in the correct cellular context. The challenge is to discover whether Fat1's function in controlling mitochondrial respiration is relevant to human cancer.
Many questions remain. 
iamonds are renowned for their sparkle, but over the past few years many scientists have become interested in nanometre-scale fragments of diamonds that fluoresce. Such nanodiamonds are attractive probes for fluorescent cell imaging 1 because they fluoresce intensely, show low toxicity to cells and are stable to chemicals and light. However, they cannot easily be tracked using electron microscopy, limiting their utility as biological probes. Writing in Nano Letters, Liu et al. 2 report that they have combined fluorescent nanodiamonds with gold nanoparticles to create 'all-in-one' hybrid particles that can be used in both fluorescent imaging and electron microscopy. This potentially opens the way to studying cellular processes such as endocytosis -a membrane-dependent process that delivers materials to cells -in a single sample at multiple resolutions.
The use of nanoparticle-based probes is the latest in a long line of developments in imaging technology. Although electron microscopy can resolve structures smaller than is achievable using light, the samples studied must be fixed or frozen, providing limited insight into the dynamic processes of living systems. Super-resolution microscopy techniques 3 based on fluorescent imaging overcome this limitation and allow the visualization of biological processes at work, even at the molecular level 4, 5 . However, these techniques are limited by the brightness of the required fluorophores (fluorescent proteins or small molecules), and by the light and chemical stability of those molecules.
Researchers are increasingly turning to nanoparticle-based imaging probes to overcome these obstacles. Matter on the nanoscale can give rise to phenomena such as intense fluor escence, which minimizes some of the drawbacks associated with molecular fluoro phores. For example, fluorescent nanodiamonds (FNDs) contain lattice defects known as single nitrogen-vacancy centres, which fluoresce at wavelengths of about 700 nanometres when excited by a laser.
Nano particles also provide additional modes of imaging and methods for probing their local environments -such as surface-enhanced Raman scattering 6 or nanoscale magnetometry 7 (the detection of magnetic fields at nanoscale resolution). However, these abilities are rarely combined in a single particle.
Gold nanoparticles (AuNPs) are extensively used in biosensing and bioimaging because they enhance the contrast of structures in electron microscopy. Many sizes of AuNPs quench the excited states of fluorescent molecules, an effect that has been exploited in numerous highly sensitive biosensors 8 . This otherwise useful property limits our ability to track AuNPs in living systems using fluorescence microscopy. But in Liu and co-workers' hybrid nanoparticles, FNDs fluoresce even though they are in close proximity to similarly sized AuNP contrast agents. AuNPs and FNDs have been combined before 9 , but the current work demonstrates the potential of hybrid-particle constructs to provide multiple modes of imaging or sensing at a single point in a sample.
Developing complex biocompatible probes and biosensors from multiple nanoscale components is challenging. The difficulty arises partly because nanoparticles tend to form aggregates, especially in biological environments, but also because it is hard to form and purify stable particle constructs that contain a defined number of components. To overcome these problems, Liu et al. associated the AuNPs with the FNDs by mixing them with the protein human serum albumin (which interacts with FNDs and AuNPs), and stabilizing the resulting complexes by forming covalent crosslinks between the AuNPs and the protein and between the protein and the
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Improving the image of nanoparticles
A biocompatible probe that combines fluorescent nanodiamonds and gold nanoparticles allows cells to be imaged using both optical and electron microscopy techniques, opening up fresh opportunities for biological research.
FNDs (Fig. 1) . The authors then purified the desired products by ultracentrifugation, and coated them with a positively charged polymer to further stabilize them and to enhance cell uptake. The resulting particles contained one or two AuNPs per FND, were readily absorbed by cells and showed low cytotoxicity.
Intriguingly, covalently linking the AuNPs to the FND led to an improvement in FND fluorescence and a reduction in the lifetime of excited states in the FNDs, both of which occur as a result of coupling between the nitrogen-vacancy centres and AuNP surface plasmons (collective oscillations of delocalized electrons). The authors also attribute the increased fluorescence to concentration of the exciting laser pulses by the AuNPs, leading to more-efficient laser excitation of the hybrid particles -although they do not discuss a precise mechanism for this.
The enhanced fluorescence is particularly interesting because it might improve the signal-to-noise ratio of FNDs in sensing and imaging based on nanoscale magneto metry 7 . The nitrogen-vacancy centres found in FNDs are particularly sensitive to external magnetic fields, and so nanoscale magnetometry using FNDs is emerging as a potentially useful sensing technique in biological environments 10 . It could enable the detection of single electrons, for example, and thus provide insights into biological processes, such as respiration, that involve electron transfer or the recombination of free radicals 11 . The development of Liu and colleagues' biocompatible hybrid-nanoparticle probes is an important step towards improved imaging of cell mechanisms, and opens up fresh possibilities for sensing within cells. For example, the authors observed both the uptake of FND-AuNPs by cells using optical microscopy, and the release of the nanoparticles from cellular vesicles called endosomes into the cytosol using transmission electron microscopy. However, it remains to be seen whether the hybrid nanoparticles can be used in vivo. It is also unclear whether the authors' approach for attaching AuNPs to FNDs can be used to attach other nanometre-sized structures, such as antibodies, enzymes and further types of nanoparticle.
A robust, modular method for synthesizing hybrid nanoparticles in general -not just those involving FNDs -is now needed to allow scientists to rapidly combine different imaging probes and biosensors without extensive optimization. This would enable biological environments to be probed in many ways at specific points within a sample. Such a method would also enable nanoparticle-based drugdelivery systems to be incorporated easily into hybrid probes. This could lead to rapid prototyping of 'theranostic' agents, in which particles deliver therapeutic compounds to patients and report the effects using several forms of information. 1 report that Pseudomonas syringae bacteria inject effector proteins that specifically target plant-cell processes to promote apoplast hydration, thereby creating an environment suitable for bacterial growth.
High humidity favours the development of bacterial leaf diseases that are associated with the formation of leaf spots. An early symptom 2 have made nanoparticles that contain fluorescent nanodiamonds (FNDs) and gold nanoparticles (AuNPs). a, They began by mixing AuNPs (decorated with organic molecules to prevent their aggregation) with FNDs and a protein (human serum albumin). This generated hybrid particles composed of an FND with protein molecules adsorbed to its surface, along with one or two AuNPs. b, The authors then stabilized the hybrid particles by forming covalent crosslinks between the organic groups on the AuNPs and the proteins, and between the proteins and the FNDs. c, Finally, the hybrid particles were coated with a positively charged polymer, enabling them to be taken up efficiently by cells. The FND component allows the particles to be tracked in cells using fluorescence imaging, whereas the AuNP components enable the particles to be imaged using electron microscopy. 
